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gested that reduced growth efficiency could be due to higher subordinate activity levels. CARLINE & HALL (1973) The present experiment was designed to test the hypothesis that relative dominance status dictates the relative growth of juvenile steelhead trout consuming equal rations. Access to food was controlled in size-and age-matched pairs of juvenile steelhead trout by separating fish briefly at feeding times, enabling them to consume equal rations. This ensured that the dominant had no advantage in obtaining food. It was predicted that dominants should grow faster than subordinates; this growth difference should be a measure of the metabolic cost of subordination.
Steelhead (anadromous rainbow trout) rear in freshwater for one to four years before emigrating to the ocean. During this freshwater residence, steelhead compete aggressively for territories and/or access to food (HARTMAN, 1965) .Success in aggressive interactions has been shown to influence growth rate in juvenile steelhead (ABBOTT et al., 1985) , and size at downstream emigration in turn affects saltwater survival (SLANEY & HARROWER, 1981) and, therefore, fitness.
Materials and methods
Groups of 300-400 juvenile Englishman River winter-run steelhead trout were obtained from the Fraser Valley Trout Hatchery, Abbotsford, B.C., during the summers of 1981 and 1982. All fish were Fl progeny of wild parents. Fish for the present experiment were selected concurrently with the weighing of large numbers of fish for a separate growth study.
Groups of fish were initially held in 136.2-1 flow-through aquaria until it was ascertained that they would feed, and then deprived of food for two days prior to weighing and sorting. Water temperature ranged from 8 to 11 C, and a 14-h photoperiod (95 lx at the water surface) was maintained. Fish were anesthetized with MS 222, and weighed to the nearest 0.1 mg on an electronic balance after excess water had been removed with absorbant paper. Fork length was measured to the nearest 0.5 mm. After weighing, each fish was allowed to recover in an isolated vessel. During the sorting process pairs most similar in size and length were set aside for use in the experiment. Twelve pairs that differed by no more than 0.2 mg (<.1%) and 1 mm (usually within 0.5 mm), or about 1.5 %, were established over the 2 year period. The size of the pairs of fish varied between 163.5 and 298.3 mg in weight, and 28.1 and 36.0 mm in length.
Each pair of fish was placed in a 45.5-1 aquarium equipped with a central opaque, removable divider. Dechlorinated water entered and drained from opposite ends of the tank and flowed through the tanks sequentially. Fish were randomly placed on the inlet or outlet side of the divider. Identifying characteristics of fish, such as fin and parr markings, were recorded during a 24-h acclimatization period. The barrier was then removed and the fish allowed to interact. Dominance was assessed by the ability to deliver unreciprocated nips, unrestricted use of both sides of the tank and typical rank coloration (ABBOTT et al., 1985) ; fish that met all three of these criteria were considered dominant. Fish were fed equal rations of live Tubifex during a short separation period until dominance was determined, usually within two days.
The experimental feeding regime ensured that there was no possibility of the dominant receiving a larger ration than the subordinate. Food organisms (various sizes of brine shrimp Artemia salina, fruit fly Drosophila melanogaster, and onion fly Hylemya (= Delia) antigua) were placed in size-matched pairs. Fish were separated by lowering the central divider and the subordinate was fed one prey item. If that prey was eaten then the dominant was presented with the matching prey. This was continued until either the subordinate or the dominant refused a prey item. Thus, the only possible disparity in ration level was that the dominant could refuse one prey item after the subordinate had fed. This occurred in 12 instances of a total of 798 feedings, with brine shrimp as the prey in each case. Fish were separated for less than 5 min per feeding period.
Fish were usually fed twice per day, at 10.00 and 14.00 h. Behavioural observations were made for two, 10 min observation periods before and after separation. When several pairs were run concurrently one tank was observed per feeding. Nips, charges, chases, displays, and crosses of the tank centerline were recorded using a Datamyte 800 event recorder. Rate of crossing the centerline was assumed to be a measure of ability to use space and search for food; it is also a crude index of activity level. Holding position and presence or absence of typical salmonid subordinate coloration were noted, and fin damage was recorded. Experiments were ended when three of three observers independently identified the same fish as larger.
Fish were then separated, deprived of food for two days to allow elimination of gut contents, and their weight and length measured. Fish were dried at 40 C for 3 d and then re-weighed. For the calculation of dry weight increases paired fish were assumed to have equal percent dry matter at the beginning of the experiment (the mean of their final percent dry weights).
Results
Ten of twelve dominant fish grew faster than their paired subordinate whether growth was measured as wet or dry weight increase ( Subordinates received more fin damage than dominants (Fig. 1) and most damage was inflicted on the dorsal fins.
Discussion
As predicted, growth in juvenile steelhead was dominance-related. Paired fish of virtually equal size fed equal rations grew at different rates; dominants grew faster by 0.51% dry body weight/day, on average, representing a 12.3 % advantage over the subordinate in gross growth efficiency.
KOEBELE (1985) found that growth depensation in fish that were removed from social interaction while feeding was less than that of interacting fish. Trios of juvenile Tilapia zilli were fed equal rations while briefly separated. The growth variance of these trios was the same as that of permanently isolated fish, but significantly less than that of grouped fish that were competing for food. However, no predictions regarding relative growth and behavioural status were tested and behavioural observations were not reported. (1980) found that high levels of activity and aggression were correlated with high food intake and growth efficiency.
JOBLING & WANDSVIK (1983) hypothesized that "psychological stress" might cause starvation or reduced appetite. Highly "stressed" fish have been observed to cease feeding (ABBOTT, 1986) and subordinate fish have been shown to voluntarily reduce food intake (ABBOTT et al., 1985) . In the present study subordinates always maintained an appetite and consumed increasing amounts of food over the course of the experiment; it could not be determined if voluntary intake of subordinates was less than that of the dominants, however. The most likely explanation for the results is that dominant status is associated with reduced costs, or, conversely that subordinate status is associated with increased costs. ROWELL (1974) 
Summary
The hypothesis that behavioural dominants experience growth advantages relative to subordinates was tested in size-matched pairs of juvenile steelhead trout (Salmo gairdneri). Even though access to food was equalized, dominants grew 12.3% faster on average than paired subordinates. As subordinates were less active than dominants this growth difference is attributed to the physiological costs of "stress".
